Background: While randomized controlled trials represent the highest level of evidence we can generate in comparative effectiveness research, there are clinical scenarios where this type of study design is not feasible. The Comparative Effectiveness Analyses of Surgery and Radiation in localized prostate cancer (CEASAR) study is an observational study designed to compare the effectiveness and harms of different treatments for localized prostate cancer, a clinical scenario in which randomized controlled trials have been difficult to execute and, when completed, have been difficult to generalize to the population at large. Methods: CEASAR employs a population-based, prospective cohort study design, using tumor registries as cohort inception tools. The primary outcome is quality of life after treatment, measured by validated instruments. Risk adjustment is facilitated by capture of traditional and nontraditional confounders before treatment and by propensity score analysis. Results: We have accrued a diverse, representative cohort of 3691 men in the USA with clinically localized prostate cancer. Half of the men invited to participate enrolled, and 86% of patients who enrolled have completed the 6-month survey. Conclusion: Challenging comparative effectiveness research questions can be addressed using well-designed observational studies. The CEASAR study provides an opportunity to determine what treatments work best, for which patients, and in whose hands.
Management of localized prostate cancer is a high-priority field for primary comparative effectiveness research (CER) in the USA, for a number of key reasons [1] [2] [3] [4] [5] [6] . Prostate cancer is the most commonly diagnosed noncutaneous malignancy in the USA, with approximately 240,000 new cases and 30,000 deaths per year [7] . While prostate cancer remains the second leading cause of cancer death among men in the USA, the vast majority of men diagnosed with prostate cancer have clinically localized disease, which can have a prolonged indolent phase, such that most will die of other causes, often before symptoms of prostate cancer manifest [8, 9] . There are several acceptable management strategies for localized prostate cancer, broadly including surgery, radiation therapy (RT) and observation, among others [10, 11] . Each of these treatments (acknowledging that observation is not really a treatment but a therapeutic strategy) has a unique effect on quality of life and cancer control, rendering management of localized prostate cancer highly preference sensitive [12] [13] [14] . To date, these important treatment decisions are made without the availability of adequate data upon which to compare the harms and benefits of the different treatments for specific patient groups, even as purveyors of newer modalities claim to yield superior results [15] [16] [17] [18] .
While the stakeholders of CER (patients, providers, payers and policy makers) often think first of randomized clinical trials (RCTs) as the optimal study design for Using a population-based observational cohort study to address difficult comparative effectiveness research questions: the CEASAR study RESEARCH ARTICLE Barocas, Chen, Cooperberg et al. CER, other study designs, such as high-quality observational studies, may generate equally or perhaps even more valuable information upon which to base treatment decisions [5, [19] [20] [21] [22] . The example of localized prostate cancer illustrates many of the challenges to conducting RCTs and limitations in their applicability [4, 23] . These include high cost; difficulty accruing patients willing to be randomized to different modalities of therapy; small sample size, narrow inclusion/ exclusion criteria, and small number of racial and ethnic minority persons leading to poor generalizability; difficulty timing the trial (i.e., after the learning curve, but after the 'tipping point' of adoption); and difficulty accounting for the quality of the intervention, which is known to affect outcomes [24] [25] [26] [27] . In short, RCTs are difficult to execute and, because of the focus on efficacy in a highly controlled setting, the results may not be broadly applicable.
The limitations of RCTs have been borne out in prostate cancer research designed to compare the effectiveness of surgery, radiation and observation. The European Medical Research Council (MRC) Prostate Cancer Working Party study known as PR06, set out to accrue 1800 patients, randomized to surgery, RT or observation, and closed after accruing only 35 patients in 2 years [28] . The Surgical Prostatectomy virus Interstitial Radiotherapy Intervention Trial (SPIRIT), a concerted effort among the American College of Surgeons Oncology Group (ACOSOG) and the National Cancer Institute of Canada, opened in 31 centers across North America in 2002, but closed after accruing only 56 patients in a 2-year period [29] . There have been two completed trials of surgery versus observation, the Prostate cancer Intervention Versus Observation Trial (PIVOT) and the Randomized Scandinavian Prostate Cancer Group Study Number 4 (SPCG-4). PIVOT screened 13,022 men with prostate cancer, approached 5023 and randomized 731 men (14.5% of eligible) from Veterans' Affairs Hospitals in the USA between 1994 and 2002 [30, 31] . This fell far short of the 2000 intended patients, resulting in an inadequate sample size to address some of the important questions, such as the influence of risk stratum on comparative effectiveness of surgery versus observation. While the median age at randomization was only 67 years old, 48% of patients had died within a median follow-up of 10 years, suggesting that this is a much more infirm group of men than are typically considering radical surgery as a treatment for localized prostate cancer. The SPCG-4 accrued 695 men in Sweden, Finland and Iceland between 1989 and 1999 [32] . These were, for the most part, not screen-detected cancers as we most commonly see in practice currently. On the contrary, 75% of men had palpable disease and approximately half had a serum prostate specific antigen (PSA) greater than 10 ng/ml. Therefore, it is difficult to apply the results of the PIVOT and SPCG-4 trials to a contemporary population of men with varying degrees of baseline comorbidity and varying risk strata of prostate cancer. One promising RCT in prostate cancer treatment is the British Prostate Testing for Cancer and Treatment (ProtecT) trial, comparing surgery, radiation and observation, which accrued over 1600 patients (63% of eligible cases) between 2001 and 2009 [33, 34] . Results are pending.
Observational study designs offer an alternative to RCTs [19] [20] [21] [22] . The potential benefits of observational studies include the opportunity to evaluate treatment effectiveness (i.e., results as seen in practice) rather than efficacy (i.e., bestcase scenario among a small homogenous group of RCT enrollees). The lower cost and lower barriers to accrual enable observational cohorts to enroll larger numbers of patients. As a result of this greater statistical power, it is possible to make inferences about differential effectiveness in subgroups of the population, and generalize results to the population at large. Of course, observational studies are subject to many sources of bias. Chief among these is confounding by indication, and the related concept of channeling, whereby patients with different baseline characteristics and disparate prognoses undergo different treatments, making it difficult to distinguish the results of treatment from the effect of baseline characteristics and pretreatment prognosis. Therefore, a well-designed observational study must define, a priori, clinically meaningful subgroups to permit data collection for known and proposed new confounders. Incorporating such data into statistical models that account for confounding secondary to nonrandom treatment assignment is a cornerstone of observational CER [35] . There is a track record of successful observational cohort studies using patient-reported outcomes in prostate cancer. However, these prior studies have suffered to some extent from the known limitations of this study design, which hamper our ability to use them to inform CER questions in this common malignancy. Some have been designed well, but predate 21st century treatment modalities, such as robotic surgery, intensity-modulated RT and active surveillance [36] . Other studies have come from single institutions [37] or use a multicenter design that enrolls solely from tertiary referral academic medical centers, thereby limiting generalizability [38, 39] . Others fail to account for the quality of the therapeutic intervention [40] or adequately capture baseline pretreatment functional or quality-of-life information [12] . Finally, none expand beyond the traditional clinical and sociodemographic variables to address some p ossible areas of residual confounding.
While both RCTs and observational studies are susceptible to obsolescing as secular trends alter the population of interest and/or treatments available, observational studies take far less time to accrue and, to that extent, may be more adaptable to such changes [25] . The effect of secular trends on relevance of study results may be particularly germane in prostate cancer CER, as therapies have evolved significantly over the past two decades (use of robotics in surgery, intensity-modulation and image guidance in radiation, and the use of active surveillance in favor of the passive watchful waiting approach to observation), even as the penetrance of screening has altered the stage of disease at presentation, and other factors may have altered the burden or reporting of baseline characteristics, such as comorbidity, urinary and sexual function.
In response to the considerable uncertainty surrounding the optimal treatment for localized prostate cancer, the Agency for Healthcare Research and Quality's (AHRQ ) 2008 evidence report on the comparative effectiveness of therapies for localized prostate cancer concluded that "no one therapy can be considered the preferred treatment for localized prostate cancer due to the limitations in the body of evidence as well as the likely tradeoffs an individual patient must make between estimated treatment effectiveness, necessity and adverse effects" [41] . With this in mind, the AHRQ report calls for "high-quality, large prospective cohort studies … that identify men at the time of diagnosis and … collect comprehensive patient, tumor and treatment selection characteristics" [41] . In an effort to address this clarion call to action, we initiated a population-based observational cohort study entitled Comparative Effectiveness Analyses of Surgery and Radiation in localized prostate cancer, or CEASAR study. This study was funded by AHRQ through its Clinical and Health Outcomes Initiative in Comparative Effectiveness (CHOICE) award mechanism. This study stands as an example of how population-based observational studies that include rigorous methods and use tumor registries as a cohort inception tool can answer difficult CER questions in oncology. Given that many CER questions in cancer do not lend themselves easily to RCTs, CEASAR serves as a case study for future cancer-related CER.
The purposes of this paper are to describe the rationale and objectives of the CEASAR study and demonstrate how it is able to overcome some of the limitations of prior CER studies in this space; to document the design, methods and limitations of CEASAR; and to describe the baseline characteristics of this large populationbased study of men with newly diagnosed, clinically localized prostate cancer. Doing so will provide a context for interpretation of the planned studies that will use the data generated by it.
Methods
Broadly, the aims of the CEASAR study are to determine which treatments for localized prostate cancer work, for which patients and in whose hands. Specifically, we will compare the effectiveness of different modalities of treatment, collecting baseline (pretreatment) health-related quality of life information followed by 6-and 12-month health-related quality of life data as the primary outcome. Secondly, we will identify patient-level characteristics (such as race, age, comorbidity, and baseline urinary and sexual function) that may influence the comparative effectiveness of specific management strategies. Lastly, we will use validated and proposed quality metrics to determine how comparative effectiveness of the various therapies varies by the quality of care received.
Our approach is to use a population-based, prospective cohort study design to assess the comparative effectiveness of contemporary management options for localized prostate cancer. Inclusion criteria are: men age under 80 years old with newly diagnosed, pathologically confirmed, clinically localized adenocarcinoma of the prostate diagnosed within 6 months of enrollment; PSA <50 ng/ml; English or Spanish speaking and; able to give consent. We accrued 3691 patients between January 2011 and February 2012; 3169 (85.9%) of whom have completed the 6-month survey. Although we are still RESEARCH ARTICLE Barocas, Chen, Cooperberg et al. collecting 12-month outcome information, we are approximately 75% complete and have similar response rates compared to 6-month respondents at this time. A brief form of the protocol is available at [101] and the complete protocol has been submitted to AHRQ, as well as the local Internal Review Board (IRB).
■ CEASAR accrual methodology
We used a Rapid Case Ascertainment System (RCAS) to identify newly diagnosed cases of prostate cancer within five population-based Surveillance, Epidemiology and End Results (SEER) registry catchment areas (Atlanta, Los Angeles, Louisiana, New Jersey and Utah). More information on the SEER Registry is available at the website [102] . RCAS leverages electronic and written communication between pathology laboratories and the SEER registries in order to identify newly diagnosed cases rapidly. Thus, patients can be consented and baseline data can be gathered prior to initiation of therapy, or immediately thereafter. The SEER registries have been utilized successfully as a cohort inception tool in other studies [36] because this methodology minimizes selection bias, ensures that the cohort is a nationally representative sample and leverages the RCAS. In addition, the sites employ skilled investigators and professional abstractors who have demonstrated the ability to execute these studies, and yield high-quality data. Importantly, the inclusion of SEER sites in Atlanta, Louisiana, and Los Angeles ensured the accrual of a racially and ethnically diverse population, which is particularly important in the study of prostate cancer, since African-American men are disproportionately burdened by this disease [42] . The ability to over-sample from African-American communities serves to contrast this methodology with RCTs, which have difficulty accruing racial and ethnic minority subjects [24] . In addition, we accrued 262 patients from the Cancer of the Prostate Strategic Urologic Research Endeavor (CaPSURE™) observational disease registry, launched in 1995 and currently includes over 13,800 men diagnosed with prostate cancer at one of 40 community and academic practice sites nationwide [43] . By including CaPSURE patients, we intended to enrich the population with patients undergoing novel therapies and active surveillance, since many of the CaPSURE sites are large urology group practices, which tend to embrace emerging management strategies early on.
Of note, the central organizing site at Vanderbilt, each of the SEER sites and CaPSURE obtained IRB approval from the relevant local IRB. The diagnosing physician was contacted prior to contacting the patient, and the physician had the option of refusing consent to contact the patient. If consent to contact the patient was not refused, the patient was invited to participate. Returning the surveys constituted consent for participation. At the 6-month time point, each patient was required to sign consent for the 12-month medical record review.
We used a mixed-mode approach to the patient surveys to maximize response. At each time point, we mailed a survey to the patient's address of record in the registry. If the participant failed to respond the survey within 2-3 weeks, a member of the site research staff called the patient to determine if the study materials were received and answer any questions the subject may have had about the study. If necessary, a second survey was mailed. If the survey was not returned after another 2 weeks, a second reminder call was made. If, at either phone call, the patient preferred a telephone interview, it was completed at that time. The questionnaire was also translated into Spanish and interviews were conducted in Spanish when necessary. If a patient actively refused participation in the study, we did not attempt to collect further information and excluded him from the analysis. Extensive efforts were made to locate nonrespondents in order to achieve a high response rate. Additional methods used to trace individuals included internet search engines, Department of Motor Vehicles records and other public records.
■ Health-related quality of life survey Questionnaires using existing, validated instruments were developed in conjunction with a psychometrician and content experts to collect patient-reported information at the baseline, 6-month and 12-month time points (see Table 1 for a list of instruments and time points at which each was collected). These instruments assess domains including comorbidity [44] , healthrelated quality of life [45] [46] [47] , and disease-specific function and quality of life (e.g., sexual, urinary and bowel function) [48] . We also incorporated questionnaires to determine nontraditional patient-reported covariates and outcomes, including social support, level of engagement in healthcare decisions [49] , impact of prostate cancer on emotion and function [50] , prostate cancer related anxiety [51] , and satisfaction with care. Quality of life and functional status are the primary outcomes of the study, while the other domains are potential predictors or confounders. In addition, we asked for detailed information on demographics, including age, race, income, education, marital status and insurance. These data points, along with comorbidity, are important grouping variables for the second aim (i.e., to determine how patient level c haracteristics i nfluence comparative effectiveness).
■ Medical record abstraction
At the 12-month time point, an extensive medical chart abstraction is being undertaken. The records are obtained from any urologist, radiation oncologist or medical oncologist who had a role in diagnosis, consultation or treatment of the prostate cancer, by asking the patient for a list of doctors and using available records to identify other providers involved in care. From these records, trained abstractors from the participating SEER sites enter data on diagnostic information (e.g., prebiopsy PSA, biopsy Gleason score, clinical stage, use of imaging for staging), treatment information (e.g., radiation target and dosing for RT patients, pathologic findings in surgery patients), follow-up (e.g., posttreatment PSAs, additional treatments) and treatment-related complications. We also (Table 2 ) [52, 53] . The methodology for obtaining information from the medical record is similar to the protocol for data abstraction used for creation of the SEER registry itself, and has been used successfully in numerous prior studies using SEER sites as cohort inception tools. Abstractor training was conducted in a series of face-to-face and web-based conferences, followed by monthly phone calls throughout the data collection period. A series of exercises were conducted prior to completing abstractor training to ensure standardization of abstraction procedures. Each site was required to double-abstract 3-5% of all cases to evaluate for inter-rater reliability of key abstracted items. This information was fed back to the sites to correct any systematic abstraction issues, and it was used to eliminate items with poor inter-rater reliability.
■ Data management
Data were collected by each site and gathered at the central organizing site in Nashville (TN, USA). Questionnaires were then verified, cleaned, scanned and merged into electronic analytic files. The medical charts were abstracted directly into Vanderbilt's Research Electronic Data Capture (REDCap) system, a secure web-based data repository, specifically designed to support data capture for research studies [54] . REDCap is ideally suited for a multisite study of this type because of its intuitive interface, forms that are easy to create and entirely customizable, ability for remote entry, differential access rights for each user or user group (so that one can view only certain cases), and output formats that are compatible with all commonly used statistical packages. All data delivered to the central site are de-identified.
■ Statistical methods
The study is powered to identify differences on multivariable regression in outcome (12-month quality of life, measured by scores on the Expanded Prostate Cancer Index Composite [EPIC] domains) between patients undergoing surgery and those undergoing radiation. Secondary outcomes of interest include complications of treatment, and cancer control (although the number of events at 12 months after diagnosis is predicted to be too low to allow for meaningful comparisons, and we hope to procure additional funding to study these end points at longer follow-up). We expect to have power to identify differences in quality of life between different types of surgery (open and robotic) and types of radiation (brachytherapy, traditional external beam RT and intensity-modulated RT); and to determine whether outcomes differ within treatment group by patient-level variables (race/ethnicity, education level and income). Propensity score matching between surgery and radiation groups will be used to address residual confounding given the nonrandom treatment assignment. Included in the propensity score model will be age at diagnosis, study center, baseline PSA, Gleason Score, clinical stage, comorbidity score, income, education level, race, and baseline sexual, urinary and bowel function. We will also use the quality metrics as predictors of quality of life to determine the impact of physician performance on the outcomes of treatment.
A unified, generalized regression approach will be used to evaluate the association between explanatory variables and outcomes. Based on the types of response variables, we will use logistic regression (dichotomous), ordinal logistic regression (ordered categories), ordinary regression (numerical), Cox proportional hazard regression (time to event), and mixed-effects model (repeated measurements). For the first aim, the explanatory variable of interest will be treatment choice (surgery vs radiation), while the second aim will focus on patient characteristics (race/ ethnicity, comorbidity score, education level and Avoidance of bone scan in low-risk patients PQRI [53] Documentation of pretreatment rectal examination, clinical stage, PSA and biopsy Gleason score RAND [52] Documentation of baseline function by provider RAND [52] Communication with primary care provider by treating provider RAND [52] Documentation of counseling regarding all treatment options RAND [52] CT planning (for XRT patients) RAND [52] Radiation dose received (for XRT patients) RAND [52] Receipt of 3D conformal beam radiation (for XRT patients) PQRI [53] Use of ADT for high-risk patients (for XRT patients) PQRI [53] Report of Gleason grade following surgery RAND [52] Report of margin status following surgery RAND [52] Report of pathologic stage following surgery RAND household income). The third aim, the quality-ofcare analysis, will evaluate provider performance as a predictor of outcome, which may entail the creation of a composite quality measure, because single-item measures of quality are less reliable that multi-item measures for assessing performance at different levels of the healthcare system (e.g., physician, site). For all analyses, continuous variables will be allowed to have nonlinear associations with the response variable by the use of regression spline. Model validation will be conducted through bootstrap method that will allow estimation of the likely future performance of a predictive model, and adjustment of the regression coefficients to account for over-fitting. Based on predictions of the number of patients in each treatment group, we estimated that a minimum total sample size of 2500 patients would be required to detect a difference between groups of half of a standard deviation in scores on the sexual and urinary function domains of the EPIC instrument, with approximately 90% power and a type I error rate of 5%.
Results

■ Response rate
We accrued 3691 patients from five SEER sites and the CaPSURE registry in a 14-month period. The response rate among eligible persons was 50.2% (Figure 1) . A total of 85.9% of eligible participants who completed a baseline survey have returned the 6-month survey; 12-month data collection is ongoing.
■ Representativeness
The mean age of the population at accrual was 64.8 (median: 65; range: 40-80 years), which mirrors national statistics (median age at diagnosis in SEER: 67) and highlights the need to study cohorts that are not based on the Medicare population [103] . Twenty-four percent of CEASAR participants self-identified as nonwhite, which is somewhat higher than the 17.5% nonwhite incident prostate cancer patients in SEER between 2001 and 2007 [55] . Approximately 3% of participants have filled out the Spanish language version of the baseline or 6-month survey. Forty percent of patients had a household income under US$50,000 (median household income in the USA in 2007-2011: $52,762) [104] . Nineteen percent had no insurance or were inadequately insured, which is consistent with national statistics for 2010 (16.3% of the USA population uninsured) [105] .
Fifty-one percent of 6-month respondents who had already selected a treatment reported surgery as their primary therapy, while 30% reported radiation and 11% reported active surveillance. We will use the medical chart abstraction data to obtain further detail on primary therapy, such as distinguishing between subtypes of RT and surgery, and defining watchful waiting as the group who received no therapy, but did not explicitly select active surveillance. Table 3 shows baseline demographics for the 2009 patients who had completed a 6-month survey and reported selection of one of these three management options. Not surprisingly, these findings demonstrate significant differences among groups in baseline characteristics. As indicated above, statistical modeling, including propensity score and multi variable analysis will be essential in evaluating the association between treatment and outcome.
The availability of self-reported treatment choice enables us to perform preliminary analyses of predictors of treatment choice, to inform later models of the association between treatment and downstream outcomes. Preliminary univariate and multivariable analyses indicate that health status, as measured by Total Illness Burden Index for Prostate Cancer (TIBI-Cap) and the overall health scale from the Short Form (36) Health Survey (SF-36), as well as advanced age influence treatment choice (Table 4) . As these factors are also expected to influence response to treatment, their inclusion in final models of the association between treatment and quality of life outcome will be essential.
In addition to demographic and comorbidity data, we measured baseline disease-specific function using the EPIC-26, which has several domains, each scaled from 0 to 100, with higher scores indicating better function (Table 4) . Responses to individual items are also pertinent to treatment decision and outcomes. For example, 28% of participants reported some degree of pretreatment urinary incontinence, defined as urinary leakage at least once a week. However, only 7-8% of reported using pads for incontinence at baseline and 8% of participants reported moderate or severe bother secondary to urinary incontinence. Nineteen percent of men reported moderate-to-severe bother secondary to the subjective sensation of weak stream or incomplete emptying and 24% reported moderate-to-severe bother secondary to urinary frequency. Pretreatment erectile dysfunction was common among men with newly diagnosed RESEARCH ARTICLE Barocas, Chen, Cooperberg et al. prostate cancer, with 48% of participants reporting an inability to achieve erection sufficient for intercourse. There was little pretreatment bowel dysfunction, reflected in the mean bowel function domain summary score of 93. Urinary, sexual and bowel domain function scores differed significantly between those choosing surgery and those selecting radiation. Again, these findings not only provide a baseline assessment of pretreatment function, they are also important confounders of the relationship between treatment and quality of life outcome, which have been lacking in prior population-based studies.
In addition to sociodemographic information, comorbidity and baseline quality of life, we have accumulated a wealth of baseline self-reported data on nontraditional scales, such as engagement in treatment decisions, social support and anxiety about prostate cancer. Preliminary analyses confirm that these may explain some of the residual confounding in prior studies. For example, we find lower participation in medical decision-making among nonwhite participants and show that higher levels of participation are independently associated with treatment choice. Not only do these findings indicate a potential target for quality improvement among nonwhite patients, they also identify participatory decision-making as a confounder of the relationship between race and treatment choice. The latter will factor into our modeling for the determinants of outcome in racial and ethnic minority subgroups.
Patient enrollment from SEER sites
The medical chart review at the 12-month time point will be used to confirm self-reported treatment choice and to collect copious details (51) 40 (447) 16 (102) 60-64.9 21 (50) 26 (291) 16 (105) 65-69.9 26 (62) 22 (241) of diagnosis, treatment and quality of care. This will enable us to control for the quality of the intervention in assessing the association between treatment and outcome. For example, rather than merely classifying the patient as having undergone radiation, we will be able to specify the type of RT used, the dose received, the target of RT (prostate, seminal vesicles and/or lymph nodes), use of image guidance, among others. Furthermore, linkage to provider datasets will enable us to control for provider characteristics as well.
Comment
The CEASAR study is a robust response to the AHRQ's call for additional data to inform decision-making in localized prostate cancer. The use of a well-designed prospective cohort study to address CER priorities in prostate cancer could serve as a model for other disease states as well. The constraints of the funding mechanism have limited the initial study to 12 months of follow-up time, which, in light of the high long-term survival rates for localized prostate cancer, is clearly insufficient to allow for a complete comparison of the effectiveness of different treatments. Therefore, the intention is to obtain further funding to extend the length of follow-up for patient-reported outcomes (PROs) and cancer control outcomes. The features of the CEASAR study that contribute to its value and, more broadly, support the use of observational studies to address complex CER questions, are enumerated below.
■ Study design
Well-designed prospective cohort studies may be the optimal study design for CER in localized prostate cancer. Preclinical studies and clinical trials are necessary steps in identifying new treatments an evaluating their efficacy in isolation. However, while RCTs have advantages in terms of minimizing bias, isolating the treatment 
General health
TIBI-Cap 3 (2-5) 3 (2-4) 4 (3-5) <0.001
Quality of life
SF-36
General health:
0% (0) 2% (4) 6% (14) 29% (68) 43% (102) 20% (48) 0% (3) 1% (11) 5% (58) 27% (298) 43% (481) 24% (262) 0% (3) 1% (7) 13% (87) effect and optimizing internal validity, they are problematic for several reasons. First, the cost of high-quality RCTs is frequently prohibitive and randomizing patients in the USA to different treatment modalities has proven difficult. Second, because of small sample size and poor accrual of racial minority persons, the differential impact of the intervention on subgroups of patients cannot be determined, thereby limiting generalizability. Similarly, because of strict inclusion/exclusion criteria, they demonstrate the efficacy of the treatment in a very narrow context, thus limiting the external validity. Trials also experience difficulty controlling for quality of the intervention. Finally, the length of time required to recruit sufficient numbers of patients for RCTs presents special challenges in fields influenced by rapid uptake of new technologies. For example, the PIVOT and SPCG-4 trials each took 8-10 years to accrue 700 patients, an interval long enough to include the 'tipping point' of a new technology, after which patients may become very resistant to randomization [25] . By contrast, a prospective cohort study allows for determination of treatment effectiveness (i.e., results seen in real-world practice) and has sufficient sample size to generate meaningful estimates of the effectiveness of treatment in specific subgroups of the population. Both of these factors make the results of observational studies more generalizable and allow for the opportunity to truly compare the effectiveness of different treatments as they are delivered and in the population likely to use those treatments. Furthermore, the rapid accrual of patients makes observational studies potentially less susceptible to secular trends. Observational studies are always subject to confounding by indication and other bias, but these can be minimized to an extent by collecting data on known and hypothesized confounders and by using adjustment techniques such as propensity score and instrumental variable analysis to account for residual confounding [36, 56] .
■ Accrual mechanism
One of the key concerns in interpreting observational studies is that the selection of a study population be free of bias and be representative of the population at risk. Using the RCAS via SEER registry sites, along with the CaPSURE accrual mechanism as cohort inception tools has enabled the CEASAR study to rapidly accrue a large, nationally representative, diverse sample of men with newly diagnosed prostate cancer. The RCAS identifies patients shortly after diagnosis, allowing for collection of baseline (pretreatment) self-reported quality of life and function, without which subsequent patient-reported outcomes would be difficult to interpret. In addition, because of the size and diversity of the cohort, the study will be applicable to individual patients by evaluating the effect of important patient-level characteristics, such as race, socioeconomic status and comorbidity conditions on comparative effectiveness. In addition, the rapid accrual of a large study cohort permits evaluation of emerging technologies in a timely and relevant fashion.
■ Focus on PROs as the primary outcomes
The 5-year survival for localized prostate cancer approaches 100% [57] , and survival remains high even in the long term, without evidence of a substantial benefit of one treatment compared to others. Therefore, prostate cancer treatment is uniquely preference-sensitive. Thus, we elected to focus on outcomes that matter most to patients: quality of life, post-treatment function, and complications of treatment. In this way, our study is truly patient-centered. The results will help patients and their doctors to align management of localized prostate cancer with patient values and preferences with regard to these important outcomes.
■ Risk adjustment
In order to minimize bias and confounding, nonrandomized studies must be particularly attentive to risk adjustment. The extensive patient surveys and medical chart review in the CEASAR study enabled us to control for a multitude of factors that may influence outcomes. In addition to collecting known covariates in many domains, we have included nontraditional patient-centered scales that may influence both choice of treatment and treatment outcome, such as engagement in participatory decision-making. As such, these psychosocial variables meet the 'classic' definition of a confounding variable. Observational studies in prostate cancer do not routinely capture these types of variables and, to this end, we believe that the inclusion of these nontraditional scales will result in much improved risk adjustment in CEASAR. Furthermore, the a priori specification of treatment groups and the use of propensity score matching are designed to minimize bias in the setting of a nonrandomized study [5] .
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■ Focus on harms & benefits of treatment alternatives in real-world practice
It is critical for a CER study to account for the heterogeneity of the patient, the disease, the provider and the intervention to determine not only what treatment works best on average but what works best for which patient, and in whose hands [5, 58, 59] . In the CEASAR study, patients can be categorized according to comorbidity burden, baseline function, race, socioeconomic status, and so forth, in order to determine what treatment works best for which patients. We will obtain disease-specific information on PSA, clinical stage and clinical Gleason score in order to risk-stratify patients.
The relatively large sample size gives us ample power to compare the effectiveness of subtypes of treatments (e.g., open and robotic surgery) and to evaluate differential response to therapy among different patient groups (e.g., racial groups, s ocioeconomic status).
■ Focus on quality of care
RCTs and observational studies alike have been critiqued for failing to account for the quality of the intervention, particularly in situations like a surgical intervention, where quality of care appears to impact outcomes. Although there are ample data to demonstrate a relationship between quality of care and outcomes in the treatment of prostate cancer, no previous comparative effectiveness study in prostate cancer has attempted to control for the quality of the intervention [26, 52, 60, 61] . The CEASAR study is unique in this regard and we anticipate that patients will be able to use our results to guide not only treatment decisions, but also provider and facility decisions. Broadly, we are generating and disseminating data that patients and providers can use to determine what treatment works best, for which patients, and in whose hands. These central comparative effectiveness findings will be available after 12-month data collection is complete in mid-2013, and will fill knowledge gaps recognized by AHRQ, Patient-Centered Outcomes Research Institute, Institute of Medicine and the NIH, and, more importantly, by prostate cancer patients, their loved ones, and their doctors.
Additionally, the dataset offers opportunities beyond the main study aims. For example, we have begun to explore associations between baseline characteristics (such as sociodemographics, comorbidities, quality of life, function, engagement in participatory decision-making) and treatment choice. Furthermore, we have begun to compare the baseline characteristics of patients in the CEASAR cohort to those in a similarly accrued cohort from the mid-1990s, the Prostate Cancer Outcomes Study (PCOS). By doing so, we may be able to make inferences about changes in the recognition of functional deficits (e.g., erectile dysfunction, urinary incontinence) across eras. Other opportunities for this dataset include linkage with provider and facility information in order to determine how structural quality indicators (e.g., provider case volume, hospital bed size) influence outcomes. Finally, we may be able to link CEASAR with payer information compare cost of different treatments as well.
Conclusion
There are several options for study design for CER, including RCTs and well-designed prospective cohort studies, each of which has its strengths and limitations. For CER in localized prostate cancer, randomized trials have proven difficult to execute and the results of those that have been completed have been difficult to generalize to the broader population. For these reasons, prospective cohort studies may be better suited to answer those questions most germane to CER in localized prostate cancer.
By utilizing a prospective cohort study design, being population based, collecting data on quality of care and nontraditional scales, collecting baseline patient-reported functional status and quality of life, the CEASAR study is poised to answer the critical questions in localized prostate cancer (i.e., what treatment works best, for which patients and in whose hands). This information will be valuable to patients and providers who are faced with treatment decisions, and will provide a resource for investigators, complementing past and pending RCT results.
AHRQ's investment in the CEASAR study will pay dividends in the near term, as 12-month outcomes are collected. However, post-treatment function and its impact on quality of life continues to evolve for many years after diagnosis, and cancer control outcomes may not be apparent for a decade or more. Thus, we suspect that the benefits of AHRQ's investment in the CEASAR cohort will continue to accrue for 10-15 years or more, as long as funding for CER remains available.
Future perspective
While RCTs have long been viewed as the standard for CER, the challenges to their execution (e.g., expense, difficulty accruing patients) and inherent limitations (e.g., lack of generalizability, sample size insufficient to perform subgroup analyses) highlight the need for other options. Well-designed prospective observational cohort studies offer one such alternative. The observational design allows for more rapid and efficient accrual, yielding sufficient sample size and heterogeneity to evaluate how variation in baseline characteristics may influence the outcome. CER in prostate cancer has benefited from observational studies over the past two decades, but the CEASAR study offers the promise of indepth comparison of contemporary treatment options for prostate cancer, while accounting for the substantial heterogeneity of the population and the quality of intervention. The CEASAR study will yield important information to guide treatment decisions in localized prostate cancer, and will also serve as a model of the value of observational studies in CER. Further funding may provide opportunities to study long-term PROs, as well as cancer control in order to develop a more complete picture of the comparative effectiveness of different t reatments for localized prostate cancer. 
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Executive summary
Background ■ Randomized controlled trials in prostate cancer have proven difficult to execute and, when executed, difficult to generalize to the population at risk. ■ Prospective cohort studies offer an alternative to randomized controlled trials in performing comparative effectiveness research. ■ Potential benefits include lower cost, more efficient accrual, greater number of patients, ability to control for heterogeneity of patient characteristics and quality of care. ■ The yield is an estimate of how different interventions compare under real-world circumstances (i.e., true comparative effectiveness). ■ The Comparative Effectiveness Analyses of Surgery and Radiation (CEASAR) study in localized prostate cancer responds to the lack of data regarding comparative effectiveness of different treatment options for localized prostate cancer. In doing so, it answers the Agency for Healthcare Research and Quality's call for well-designed prospective cohort studies in this population and addresses an Institute of Medicine priority for comparative effectiveness research.
Methods
■ The aims of the study are to determine what treatments result in the most favorable outcomes, as measured by complications, quality of life and disease-specific function. In addition, the study aims to determine what works best in prespecified subgroups of men, and how the quality of care influences the association between treatment and outcome. ■ The accrual methodology utilizes cancer registries as cohort inception tools and harnesses the resources of the registry sites to identify cases, enroll patients, collect patient-reported outcomes and clinical information. ■ An extensive health-related quality of life instrument, comprised of validated instruments is administered at baseline, 6 months, and 12 months after enrollment. ■ The patient's medical chart is abstracted at 12 months in order to obtain disease characteristics, details of treatments and complications, and to assess quality-of-care measures. ■ Data are managed centrally, using a secure web-based data repository, known as Research Electronic Data Capture (REDCap). ■ We plan to use a unified, generalized regression approach to evaluate the association between explanatory variables (treatment) and outcomes (scores on quality-of-life measures). A minimum of 2500 patients is required to demonstrate a clinically and statistically significant difference in outcome between surgery and radiation.
Results
■ The CEASAR study has accrued 3691 men with newly diagnosed prostate cancer, collecting baseline demographic and quality-of-life information, in addition to some nontraditional scales that may prove to account for some of the residual confounding seen in prior studies. An extensive chart review is under way to collect clinical information and quality-of-care metrics. ■ The CEASAR cohort is representative of the national demographics of prostate cancer patients. ■ Preliminary results demonstrate potentially important differences in baseline characteristics and quality of life between patients who chose active surveillance, surgery and radiation. 
Conclusion
